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THE ROLE OF NATERIALS ACCOUNTING IN INTEGRATED SAFEGUARDS SYSTEMS
FOR REPROCESSING PLANTS

E. A. Hakkila, R. G. Gutmachet, J. T. Markin, J. P. Shipley, ●nd W. J. Whitty
Nuclear Safeguarda Syatema Group

Loa A1.&mos National Laboratory

Loa .Alamoa, New Mexico, USA

Abstract

Integration of mnteriala accounting ●nd

containment/surveillance techniques for inter-

national aafeguarda requires careful examinatic,n
and definition of suitable inspector ●ctivities
for verification of operator’s materiala account-

ing data. The inapectol’a verification proce-
dures are designed to protect againat data falsi-
fication and/or the usa of measurement uncertain-

ties to conceal missing material. Materials
●ccounting ●ctiviliea ● re davaloped to provid,~
● n effective international safeguard aystetn
when combined with containment/aurveillancu

●ctivities described in a companion paper.

1. Introduction

International safeguard requirements ●nti
the capabilities of matariala ●ccounting ●nd
containment!surveillance to meet these require-
ments were evaluated for ● large nuclear fuel

raprocsssing facility of the type that may be

operational in the latter part of this c?n-
tury.1 The Alliad-General Nuclear Services

(AGNS) raprocesaing plant ●t Barnwell, South

Carolina, was used ● a the refarcnca facill.ty.

This plant has ●n ●nnual throughput of 1500
met~ic tonnes of haavy metal par yaar (NTHM/Y)

●rd ● storabc capacity of 4 MT of plutonium ● a

the nitrate solution. The materials bala.tcs
● reas (MBAa) structure ●nd key maaaurament pointo

(KMPa) #re shown in Fig. 1 and ● re diecualled
further in the text.

This paper describaa materiala accounting
●ctivities in the rafarence facility that the
lnternatio~al Atomic EnarSy Agency (IAEA) mty

use to implement ita verification system ●od
aunanarizea the ●ff~ctiverrcao of these ●ctivities.
Tha containment/aurv#illance ●ctivities and their

effoctivcneas ● re reviewed in ● companion paper
●t this aympoaium,2

2. International Safeluardo Concerns

The ●ffuctivenoaa of MEA aafaguarda is
related to ita ckpahility to dttect divertion of
nuclear materiel b, verifying the findings of
tha State’s 8yctem of Accounting and Control of
nuklaar material, The inspector’s verification
procedure ia baaed on periodic ●xtminatlon of
the materielo balance ●quation for esch MBA. The
inspector must determine that:

● mattrialo accounting data are valid
snd complate, ●nd

* the materials baIance ●quation eloaea
auffisiently clooely to saro.

*Work cupporcad by-the US Department of Bner8y/
Offica of Safeguard and Security.

These verification ●ctivities include (1) exami-
nation of aafeguarcle-related information provided
by the State, (~) collection of indapen{ent

information by the IAEA, and (3) comparison of
the two aeta of information to eatabliah the

completeneae, accuracy, ?nd validity of the
State’a data.

The IAEA verification of the operator’s

nuclear materiala accounting system ia based on
examination of the materials balance equation

with respect to:
● diversion hidden by meaaurcment uncer-

tainties and
● diversion hidden by falsification of

operator’a data.

Divaraiona hidden by meaauremenc uncertain-

ti~s ● re posai~le bacause of the statistical
uncertainty of tihe material unaccounted for (MUF)

calculation. It ia important that measurement
uncartaintiea be reduced to decreaae the ●mount

that could bc diverted, but that cne estimate of
measurement uncertainties be realistic to main-

tain falae-?larm rates ●t an ●cceptable levl.
Concerns with diversion hidden by falsifi-

cation of operator’a data fall into three cate-
gories:

● underatstament of inputs,

● ovaratatement of outputs, ●nd

● overstatement of the current inventorv.
For MBAs in the reproceaaing facility, fal-

aificationa are correlated from one MBA to the

succeeding MDA. Thus, ● n ovaratatement of out-
puts from one MBA will raault in an overatatem?nt

of inputs to the next MBA, Dettction of diver-

sion in one MBA dcpanda on adaquacv of safe~u~rdn
in adjacant MBAa, and correlation of verification
●ctivities ●mong MBAo ia important.

3. Safeguard Coneerna ●nd Verification

Activities for the kaference Facilitv

A combination of conventional materials
accounting ●nd near-real-time ●ccounting Wus
●aaumed for tha operator’a accounting nyatem for

the reference facility. In near-real-time
●ccmmting, the in-proceaa irrventnrica of major
proceoa veaaaks and columne arc meaau”’ed or
●stimated to permit frequent closure of mi .eriaIa
balancea.

Threa t4BAa of the reference facjlity wer?
conaiderad (Fig. 1): MBA 1, the fuel rec~iving,
otorage-chop/leach area; MBA 2, the chemic~l
oaparationa proce#c; and MBA 4, the plutoniurr-
nitrata stora~e are4, The input, output, and
inventory KMPs for these MBAa were identified,

The irrapector muot ●atabIiah a sampling
plan ●nd en independent verification capability
for ●ach KMP, ●nd muot eoaure intagrity of appro-
priate oparator’o meecuremanta by participation

in ateaourement control programa and surwillance
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Fig. 1. MBAs for the reference facility.

of measurement procedures. He may assure integ-

rity of some operator instruments with in.spector-
controlled surveillance devices. The inspector

examines the operator’s and his own materials
accounting data to obtain an assurance that

diversion has not occurred. Continuous IAEA

inspector presence ●nd on-site laboratory facil-
ities ure ●ssumed.

Verification Activities in MBA 1

MBA 1 includes the cask-unloading and spent-
fuel pools, the shearing operation, and the Dis-
solution orocesa. The flow YAPs ● re:

(l)”

(2)

(3)

(4)

KMP la .- cask unloading pool. Receipt

of irradiated fuel in MBA 1.
KW lb - spent-fuel transfer tunnel.
Transfer of irradiated fuel to the
chop/leach proceass,

Kt4P2- ●ccountability tank. Transfer

of dissolved nuclear material from MBA
1 toMBA2,
KMP3- Ieached-hulls monitor. Leached

hulls ● re monitored for residual plu-
tonium and uranium content before they
are discarded.
KMP 4 - dissolver ●cid zur~~ tank.

.“

Transfers of recycle ●cid from IIL:, 9
to MBA 1.

The intentory KMP (KMP A) is located in the

epent-fual storage pool.
Verification #ctivitiae in MBA 1 are based

upon ●n examilztion of the HBA ●nd ●djoin’.ng FtBAs
to determine safeguard conc~rns, Understatement

of epent fuel inpute ie ● concern, Undtretste-

ment of recycle inputs from MBA 2 ia not of con-
cern becauee of the effectiveness of necr-real-
time accounting in MBA 2, Si~nificant undta-

statemmt of material entering MBA 1 throudh tQIP
4 would result in ● positive MUF for MBA 2.

Output otreamo from MBA 1 ● re either product
•nter~n~ MBA 2 or waete (aecumed to be Iaaving

tafesuards). Overstatement of outputs that tntcr
MBA 2 wil~ reoult in ● ponitive MUF for WA 2

and hance is not of concern. Howtver, under-
statement ef tutpute from MBA 1 to IIBA 2 io of
toncern in liBA 2 btcauee the diseolved fuel mate-
rial introduced into the separation MBA could

then ba ucod to cover diwroion of plutonium in
● mort attractive form (ouch ● s plutonium-nitrate

product solution) uithout detection by materials
accounting in MBA 2. The understatement would

tend to result in a positive MUF in MBA 1. How-

ever, the goals for timeliness of detection in
MBA 2 are reore etringent and would not be mec in

MBA 1.

Overstatement of the IIBA 1 inventory is a
concern becauee it would U11OW material to be

diverted witho,~t detection by the accounting

system. Overstatement of waste measurements
could result in material being available for
diversion unle,~s sufficiently low limits can be

pl;~ced on the quantities of plutonium normally

present.

Two types af riondestructive meoeurements

can be identified for inepector verification of
accounting in the sper.t-fuel receiving area:

(1) rapid qualitative measurements of spent-fuel

assemblies (attributes check), and (2) quantita-
tive measurements of a limited number of the

fuel assemblies (variables test). The inspection

effort is limited by the ●vailable manpower and
by legal constraints. An IAEA Atlviaory Croup on

the Nondestructive Measurel,lent of Spent Power
Reactor Fuele has recommended six levels ot
verificfition, ranging from verificntir,ns of the
physical characteristics to meaeurements30f the

fiseile ccmcents of furl ●~semb!ies. The

specific level of veriticatioc depends on the
available resources ●nd the decired level of

● seurance.

A rapid verification of fuel aae.emblies
that enter the spent-iuel transfer tunnel is of
uae in closing shipper/receiver differences at

the time fuel ie diseolvet.1 .ae well ● s in verify-

ing item accounting data for the spent-fuel stor-
age area. The verification ●cclivities at this

point would be very similar to tb.ose in the cask-
mlcadi-rg uotl,

Operator’s Measurements in MBA 2.

The separation and plutonium purification
proreae MBA ●xtends from the input ●croun:ab;lity

tank to the uranyl- ●nd plutc.ni”)m-nitrate product
sample tanks. The flow KMPa for convention.]
materials ●ccountability are:

(1)

(2)

(3)

(4)

(5)

(6)

(7)

Kl’tP2- ●ccoutltability tank, Trannfer

of diesolved nuclecr fue! to MBA 2

from MBA 1.
KMP4- dieeolver acid s~r~e tank.

Recycle acid tranaf~rrcd to MB.i 1.
t’.W 5a - high-level liquid-wasre sample
tank.
KM? 5b - general proceee-waste check
tank.
KFtP 5C - solid-waste rnesay etation.
K14P 5d - solvent-burner feed tank.

KMP 5e - ccntrsl etack.

KmP6- utanium product sample tank.

Transfer. of uranyl-nitrate produ~t

from MBA 2 to MEA 3.
KMP7- uranium rework tank. Recycle
of off-specification urany 1 nitrate
from MBA 3 co MBA 2.
KM q - plutonium product sample tank,

Traneiaro of pldtonium-nitrate product

eolution to MBA 4,
KtIlP9- plvtonium product recycle tank.
Racytle of off-cpecificstion plu.nnium

nitrate from MBA 6 to HBA 2,



(8) IUIP 10 - plutonium rework tank. Trans-
fers to !fBA 2 f.-om the conversion pro-
cess.

KMP 10 was not be considered in the study.
The inventory KMPa are KMP Bl, the two feed

adjustmefit tanks, and 10fP B2, the lBP surge tank.
Ocher inventory measurement points are used only
when the process line ia cleaned ●nd flushed.

Fsr near-real-time materiala ●ccounting, if

MBA 2 ia considered as ● single accounting area,
meaaurementa (or estimates) of inventories must

be made at the following additional points: cen-
trifuge, HA feed tank, HA contactor, HS column,

IB column, lBX column, 2A column, 2B column, 3A
column, 3B column, 3PS vaah column, 3P concen-
trator, and plutonium catch tank. We considar

these points to be atrat?gic poin~.s, but not
KM.Ps, because the required level of verification
is less than for KHPs.

Near-re41-time accounting in MRA 2 allows
frequent materials balance closure with a minimum
of measurement uncertainty. Hence, the main
concerns in MBA 2 are those ralated to falsifi-
cation of measurements through understatement of

inputs, overstatement of outputs, or overstate-
ment of inventory.

l.lput Measurements. The three input meas-

urements to MBA 2 ● re the ●ccountability tank,
the plutonium product recycle tank, ●nd the

uranium rawork tank. Understatement is ● concern
for the first two measurement points, Conven-
tional matarials accounting in MBAs 1 ●nd 6 may

be insufficient to meet this concern from the
viewpoint of aansitivity and timeliness, so that

other safeguards measure6 may be required.
Understatement of inputs ●t the ●ccount~bility

tlnk can reeult from improper concentration
rneasurementa or through understatement of level

●nd density measurements,

Output Measurements, Outputs in MBA ~ in-

clude recycle to MBA 1, product tranafer. to
MBAs 3 ●nd 4, ●nd waste. The output maaauraments

in which overstatement is of particular concern

are:

(1) high-level liquid waste (HWW) sample
tank ●nd

(2) plutonium product sample tank.
Overstatement can be ●ccompliahad by mani-

pulating matariala tranafers, but in a differant
way than for underatatgment. Ovcratatemmt can
result if matarial rcmaina in a vassel to ba

maasurad ● second tim~. Overatatamant of wast~
measuramants is ● conc~rn when the maasuroment

limits cannot b~ aet aufficiantly close to s~ro
that r~paated ovarntatemant will not r~ault in ●

cignifirant ●mount of matarial bting ●vailable
for divar ion.

Invantory heasurementa, Ovaratatament ia ●.—
concern ●t tha fol’,owing inventory measurement

points:

(1) feed ●djuat tanka,

(2) 18P ~ur8e tank,
(3) HA feed tank,

(4) 3P concentrator,

(5) HS column,
(6) lB column,

(7) 2A column,

(8) 2B column,
(9) 3A column,

(10) 3B column, and

(11) 3PS column.
Meaaurementa at these pointa are used to estimate

the in-process inventory for near-real-time
snateriale accounting. Diversion of material at

these pointe ia not as great a concern as at the

input ●nd output KMPs becauae process constraints

limit the amount of material that could be con-

tained in these vessels and becauae removal of
material would tend to result in column or pro-

cess upeet.
In-process inventory measurements for col-

umns ● re inferred from measurement of flow and

concentri,tion on inlet process, extractant, and
scrub streams and outlet product. and waste

istreame. Overstatement of inlet concentration
measurement , understatement of outlet concen-

tration meaeurementa, or erroneous measurement

of extract&nt or scrub flow rates can allow over-

Jtatcment of the column inventory.
Other measurement ● re made only during

physical inventories when the process line is
cleaned out and flushed. The f~llowing tanks
should normally contain negligible quantities of
uranium ●nd plutonium:

(1) lSF tank,
(2) LAWB check tank,
(3) racovered-acid storage tank,
(4) ao:vent @yotem feed tanks i2),

(5) &olvent batch stripping tank,
(6) service concentrator feed tank,
(7) service Concer,trator check tank, and

(8) sump collection tank.
Verification of me~surementa at these points is

generally not required,

Verification Activities ir, MBA 2.—..

The inepector’e verification ●ctivities in
MBA 2 ●re concerned with ●ccurate volume, de::$-

ity, coticentration, ●nd, to a lesacr extent,
flow measurements. Flow msasurament verification

ia ●ssociated primarily with the ●stimation of
pulsrd-column in-process inventorlea. The veri-
fication of tank calibration is of particular
con<ern for input ●nd outpvt ●ccountability
tanks. The accuracy of the tank calibration and
the aaai~ned probe separation value can be veri-
fied by witnessing ●nd tvalvating multiple cali-
bration paases to be sure that tha correct rela-

t*’,nahip between liquid level and voIume is
established. The inspector may ba ●bl~ to par-
ticipate in the initial ●nd subaaquent calibra-
tions of the tank ●nd of differential preasule

inotrumenta if he has ●n independent readout
davice or calibrating davice that is conn?,ct~rf
to the pressure t?ansducera.4 The inapactor
may compare hia r,~adin~s with the operator’a

readinga or parborm independent calibrations.

The lnopector must ●acertain that solution

ia circulated throu8h the ●amplins loop for ●

sufficient period to ensure that the samplae are
reproducible ●nd representative of the buIk solu-
tion in the tank. The inspector may request
duplicate samples fot ●nalyais in his laboratory
or for submittal to the operator)a Iaborator,~ aa
blind samples, Analyais must be ba~ed on a sta-
tistically sound variables samplinR plan. Sub-
mission of samples to the opsrstor’s laboratory



can be effective only if the laboratory does not
know and cannot trace the identity of the sam-
ples. Such samples may be used to asaess the
accuracy and precision of an analytical method.

Verification Activities in ?lBA 4

The plutonium-nitrate product storage area,
MBA 4, contains 3 interim LOO-L storage tsnks, a
MO-L product measuring tank, and 68 slab tanks,
each capable of storing up to ~800 L of pluto-

nium nitrate at ● concentration of 250 g/L..

Solution residence time in each of the interim

storage tanks is 48 h. The flow KMPs for this
MBA are:

(1) K!!P 8 - plutonium product sample tank.
Transfers of plutonium-nitrate product

solution to MBA 4 from MBA 2.

(2) KMP9- plutonium product recycle tan’..
Recycle of off-specification plutonium-

nitrate product from MBA 4 to MBA 2,

(3) KMP 12 - receipt tanks. T.ansfer of
plutonium-nitrate product from MBA 4

to the conversion process area.
The inventory KMPs ● re KMP Cl to KMP C3,

the interim plutonium-nitrate product storage
tav<s; KMP C4, the 1OO-L measuring tank; and
KPP. C5 to C52, the .48 slab tanks,

There are two primary aafegusrds concerns

for MBA 4. The first concern ia diversion con-
cualed by measurement uncertainties, Large quan-

lktiea of plutonium may be present in this MBA,
If ●ll 3 interim storage tanks ●nd all 48 product
]torage tanks are filled with solution having a
plutonium concentration of 250 g/i,, MBA 4 could

contain ● s much as 9900 kg of plutonium. In
●ctual plant operation, ●ll tanks will not be
full; material from storage tanke will be trans-

ferred to the conversion process, and at leant
on+ interim storage tank will be ampty, ●waiting

tranafer of solution from the plutonium product

sample tank through KMP 8.
When lsrge quantities of material ●re to be

measured, ●an small errors in the concentration
measurement can lead to ●n ●ppreciable uncer-
tainty in the total quantity, Catimates of sys-

tematic and random errors in the volume ●nd con-
centration meaaurementa for individual tanks, in
the worst case, with all storage tanks full, lead

to ● n uncertainty in the total inventory ranging
irom 5.4 to 10,9 kg of plutonium, depending on
whsther thr instrument used to determin? concen-
tration ia recalibrated ●fter each measurement.

The second conctrn is deliberate overstate-
ment of th& inventory measurement, Overstatement
would alkew material to be removed from the MBA

without ●ppearing ●s MlIF. Deliberate overatate-
manc of input measurtmonta at KMP 8 or output
mssauramenta ●t LMPs 9 ●nd 12 ia not ● concern
because ● positive PtUF would ●ppear in the mate-
rials balancea of HBA 2 or the conversion MBA.

Safeguards conc~rns for MBA 4 can be ●d-
dresstd through (1) verification of the conven-

tional ●ccounting meagurstmants ●nd the usa of
containment/aurveil14nc,c to ●ssurg that ●ll
tranafars pesa throu~h the a>propriatt measure-
ment points or (2) providins improved materials
accountin~ in HBA 4. The first approach is sim-
ilar to that used in MBA 1, Improvod materials
accounting ia achieved by on-lina measurement of

volume and concentration in the storage tanks.
For timeliness and improved sensitivity, these

measurements should be performed as frequently

as possible.

4. Effectiveness of Materials AccounLin&

The inspector’s problem of detecting falsi-

fied data and diversion hidden by measurement
uncertainties can be addreased by ap 1 ing the
inspectorta sufficient statistics.~,i The

performance of these statistics in detecting

abnormalities was evaluated for the chop/leac!~

area of MBA 1, for MBA 2, and for MSA 4 over a

range of diverted amounts. In each case the
analysis assumed an optimal operator data falsi-

fication strategy. Also, all of the detection
sensitivities presented aasume that the inspector

either haa a measurement method with uncertainty

comparable to the operator’s method or can verify
tl,e operator’s measurement and use it as his own.
In all other casea, the inspector’s detection
probability ia leas than shown here.

MBA 2 of the reference facility is the most

likely area for ●pplication of these statistics

because quantities of material are relatively
small ●nd measurement techniques for this area

●re wall developed. If the inspector uses in-
spector’s data only in testing fGr miaeing mate-
rial without regard to operator falsification,

the aenaitivicy of the inspector’s efficient

statistic to missing material meets the IAEA
goal for detecting ●brupt diverr+.on. For 8 kg

,tf plutonium diverted in 7 days, the inepector

has a detection probability of 0.97. If the

inepector haa not verified oparator’s measure-
menca, then he must uae a statistic to teat for

data falsification or diversion ●nd ●ccept a

slightly reduced sensitivity. For this test,

the detection probability ia 0.94.
Although the chop/leach area ●nd MBA it have

not traditionally been considered in near-real-

time accounting, evaluation of the inspector’s
sufficient atatistica in thaae ●reas shows chat

substantial probabilities of detecting missing

matarial can be ●ttained. In the cl?op/leach

area, S kg of plutonium diverteJ in 7 days is

detected with probability 0.64 if the i~apector
tasts only for divarsion and with 0,56 probabil-
ity by testing for diversion ●nd falsification,
For MBA 4 the respective probabilities ● re 0.26
●nd 0.21. However, if the current 4S slab tanks
uach containing 200 ku of plutonium were reduced

to <16 tanka each containing 100 kg of pluto-
nium, then the IASA Seals for abrupt diversion
cculd be met in FIBA 4. If we ●sauma storage
caprncity for 20 daya of throughput is sufficient
for ● plant with a collocated conversion faci’-

ity, 10 storage tanka ssch with 100 kg of plut~-
nium would be ●dequate for MBA 4.

6ensitivitiea of the inapactor’s sufficient

statistic that is indep~ndent of the oporator’n
falsification is oumnaricad in Tabl@ 1, tMai-
tivities of the inopector’s sufficient statistic
that uses unverified oparatrr’s data to test for
data falsification or diverrnion are sunanariced

in Table 11. Sanaitivities for FfBA 4 Mare cal-
culated for the present 9.9 F(T storaga capacity
dnd for tha proposed capacity of 1 HT.



TABLE I

SENSITIVITY OF INSPECTOR’S SUFFICIENT STATISTIC:
FALSIFICATION INDEPENDENT

Detection Probabilitya

Balance Period (days)

Balance Area 7 30 180 360—— —.—

Chop/leach 0.64 0.25 0.11 0.09
MBA 2 0.97 0.82 0.25 0.20
MBA-4; 9.9 MT 0.26 0.24 0.17 0.13
MBA 4; 1 !.fT 0.99 0.90 0.~6 0,15

aDiversion of 8 kg, 0.05 false-alarm probability.

5. Quantifying the Aaaurance for Materials
Accounting and Containment/Surveil lance

The overall asaurance is a combination of
che assurance

s provided by materials accounting,
am(d,T),

e of inspector’s materials accounting
information integrity, aAI(d,T, i),

● provided by surveillance of boundary

penetrationa, aBpS(d,T,i),
● of surveillance information integrity,

asl(i), or
● provided by additional inspector activ-

ities, so(i).
The designators d, T, and i denote dependence of

a particular asaurancc on the diversion level,

diversion time, and specific diversiol, path,
respectively. If we aasume totai independence
of information provided by materiala accounting,

penetration monitoring, ●nd other inspector
activities, the overall safeguards anaurance.
A(d,T,i), can be given by

A(d,l,i)= 1 - [1 -a ~(d,T)aA1(d,T, i)]

“ 11 -aBpS(d,T,i)aS1( i)][l- so(i)] ,

The factora contributing to this equation are
difficult to quantify; hence, at present it can

only provide ● qualitative indication of the
relationship ●mong the componant ●naurances,

An ●lternative to quantifying the total
asaurtnce ia that the aafeguardn avstem ahou]d
detect improper facility operation that could be

relsted to diversion; thus, one important element
of aafeSuarda parforrnance ia maaaur d by the
likelihood of detecting such operat~cmal ●noma-
lies. For ●ll matariala accounting instruments
●nd for some containment/aurvaj]lance inatrument5

aucn aa portal monitors, an ●nomaly ia ●ny meae-

urament ●xceading ● atatiotically defined thr~ah-
old, whoreaa fur containment/ourvailiance Qquip-
mant such ●a film cameraa, ●n ●nomaly ia any
obaervod activity of facility peraonrwl or uae

of ●quipment that ia not normal. Thus, matarials
accounting ●nd containment/surveillance tan be
considered in a cohartnt framework with the pos-

sibility of aaaisning, albeit subjectively, ●

quantifi~d moaaure of crsmbined ●av.trance.

TABLE II

SENSITIVITY OF INSPECTOR’S SUFFICIENT STATISTIC:

FALSIFICATION DEPENDENT

Cetection ?robabilitya

Balance Period (days)

Balance Area 7 30 180 360—— —.

Chop/leach 0.56 0.20 0.09 0.08
MBA 2 i3.94 0.75 0,20 0.17
r4BA 4; 9.9 MT 0,21 0.20 0.15 0.11
MBA 4; 1 MT 0.98 0.84 0.21 0

aI)iversinn of 8 kg, 0.05 false-alarm probabi

6. Recommendations

This study has identified certain features
of the verification approach and facility design

that could result in improvements in safeguards
effectiveness. We recommend that these features

be considered in future approaches to safeguards
systems design and verification,

Verification Approach,

An approach to inspector verification of
safeguards materials accounting data for a repro-
cessing facility was developed. This approach
incorporates:

● appropriate s.atiatical test procedures
for materials accounting data from each

MBA to detect diversion of a sipnifi-

canc qu~ntitv of nuclear material,
● inspector participation in the meas-

urement control progrsm for materials
●cr!ou~ting and surveillance instru-
ments, and

● ●n on-site inspector’s analytical
laboratory with ~ppropriate analvticnl
instruments ●nd standards,

Facility Design to Improve Verification Effec-

t iveness,

Mater ia19 ●ccounting ●nd containment/s\)r-
veillance should be designed and incepraced in a

manner that will ●now th? most reaaolable crlm-
promiae between safeguards performance goals and
conatrainta ●asociatad with process dcnign, oper-
ating economics, haalth and safety, technical
oafeguarda capability, ●nd Agency reao~rcea,

Featuras of facility design ●nd operation
affect ●pplication of conventional ●nd near-real-
time ●ccounting techniques to reproceaaing facil-
ities, Process design ●nd operational features
that ●ffect measurement quality include:

● relatiw #ccuracy between input ●nd
output meaaurementa (the limiting fac-
tor will be the uncertainties in the
relative biaa between reference mat~-
riala and methodn used for m@asur?-
menta) ;

● precision ●nd relative #ccuracy of

cleanout physical inventory metsure-
menta;



● redundant methods at KMPs to reduce

systematic errors; and
● for near-real-time accounting, the

precision of in-process inventory esti-
mates and measurements.

7. Conclusions

In this study a safeguards strategy was

developed that includes materials accounting and
containment/surveillance tradeoffs without re-

quiring explicit assurance functions or combined

systems evaluations. The functional relation-

ships among the various safeguards elements were

examined in detail to guide the development,
The study indicates that the implementation

of near-real-time accounting in the reference
facility would no: impose a substantial addi-
tional operational burden beyond that required
for process control measurements and conventional
materials accounting measure-nen:s originally
planned for the facility. Appropriate statisti-

cal test procedures can combine accounting infor-
mation verified by the inspector with potentially

falsified operator’s accounting information to
provide a significant level of safeguards assur-
ance . In particular, these techniques should
allow the inspector to meet the IAEA goals for
detecting abrupt diversion in MBA 2. The amount
of plutonlum in MBA 4 limits safeguards effec-
tlvenesa 01 materials accounting in this MBA.

11 plutonlum storage is limited to the amount
required for reprocessing and conversion opera-

tions, goals for detectkng abrupt diversion in
MhA 4 also can be met. Achievement of the IAEA
goals for timely d.tection of protracted diver-

sion from MbAs Z and 4 remains a safeguards
problem caused by irreduclhle measurement uncer-

tainties and high plant throughput,
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